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(54) LIQUID CRYSTAL DISPLAY DEVICE AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance the reliability of an element by surface 
smoothening and to enhance performance such as transfer rate by the increase 
of grain diameter by fusing the grains of a polycrystalline semiconductor by 



irradiation with high energy laser beams. 

SOLUTION: A silicon dioxide film is formed on an alkali-free glass substrate in 
200 nm thickness. A hydrogenated amorphous silicon film of 35 nm thickness is 
then formed by plasma CVD using monosilane and hydrogen as gaseous 
starting materials. Hydrogen contained in the hydrogenated amorphous silicon 
film is released by irradiation with 30 shots of 200 mJ/cm2 XeCI excimer laser 
beams and the dehydrogenated amorphous silicon is crystallized by irradiation 
with 300 mJ/cm2 XeCI excimer laser beams to form a polycrystalline silicon film. 
The grains of the polycrystalline silicon film having about 60 nm average grain 
diameter are mutually fused by irradiation with 380 mJ/cm2 XeCI excimer laser 
beams 4 to obtain the objective polycrystalline silicon film 6 having about 600 nm 
average grain diameter. 
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CLAIMS 
[Claim(s)] 

[Claim 1] Gate wiring formed on the insulating substrate so that two or more 
signal wiring and these two or more signal wiring might be intersected, In the 
manufacture approach of a liquid crystal display of having the pixel electrode 



connected to two or more semiconductor devices formed near the crossing of 
said signal wiring and said gate wiring, and these two or more semiconductor 
devices The 1st process which forms the amorphous semiconductor film with 
which the semi-conductor film which constitutes said semiconductor device 
contains hydrogen, The 2nd process which irradiates the energy beam which 
has the 1st energy density on the amorphous semiconductor film containing said 
hydrogen, The 3rd process which irradiates the energy beam which has the 2nd 
larger energy density than said 1st energy density on said semi-conductor film, 
The manufacture approach of a liquid crystal display of having the 4th process 
which irradiates the energy beam which has the 3rd larger energy density than 
said 2nd energy density on said semi-conductor film. 

[Claim 2] The amorphous semiconductor layer of said 1st process is the 
manufacture approach of the liquid crystal display of claim 1 containing the 
hydrogen beyond 5at%. 

[Claim 3] The thickness of the amorphous semiconductor layer of said 1st 
process is the manufacture approach of the liquid crystal display of 45nm or less 
claim 2 which is 20nm or more. 

[Claim 4] Gate wiring formed on the insulating substrate so that two or more 
signal wiring and these two or more signal wiring might be intersected, Two or 
more semiconductor devices formed near the crossing of said signal wiring and 



said gate wiring, In the manufacture approach of a liquid crystal display of having 
the pixel electrode connected to said two or more semiconductor devices, and 
the capacitative element by which connected with said two or more 
semiconductor devices, and one [ at least ] electrode was constituted from 
semi-conductor film The 1st process which forms the amorphous semiconductor 
film with which the semi-conductor film which constitutes the electrode of said 
capacitative element contains hydrogen, The 2nd process which irradiates the 
energy beam which has the 1st energy density on the amorphous 
semiconductor film containing said hydrogen, The 3rd process which irradiates 
the energy beam which has the 2nd larger energy density than said 1st energy 
density on said semi-conductor film, The manufacture approach of a liquid 
crystal display of having the 4th process which irradiates the energy beam which 
has the 3rd larger energy density than said 2nd energy density on said 
semi-conductor film. 

[Claim 5] The amorphous semiconductor film of said 1st process is the 
manufacture approach of the liquid crystal display of claim 4 containing the 
hydrogen beyond 5at%. 

[Claim 6] The thickness of the amorphous semiconductor film of said 1st process 
is the manufacture approach of the liquid crystal display of 45nm or less claim 5 
which is 20nm or more. 



[Claim 7] The semi-conductor film which constitutes one electrode of said 
semiconductor device or a capacitative element in the manufacture approach of 
a liquid crystal display according to claim 1 to 6 is the manufacture approach of a 
liquid crystal display that surface irregularity is 5nm or less. 
[Claim 8] The semi-conductor film which constitutes one electrode of said 
semiconductor device or a capacitative element in the manufacture approach of 
a liquid crystal display according to claim 1 to 7 is the manufacture approach of a 
liquid crystal display that it is a polycrystal semi-conductor and the diameter of 
average crystal grain is 600nm or more. 

[Claim 9] The manufacture approach of the liquid crystal display characterized 
by carrying out the 4th process from said 1st process in the manufacture 
approach of a liquid crystal display according to claim 1 to 6, without putting a 
semi-conductor film front face to atmospheric air. 

[Claim 10] The manufacture approach of a liquid crystal display of having the 
process which forms an insulator layer on an insulating substrate, the process 
which form the amorphous semiconductor film containing hydrogen on said 
insulator layer, the process which irradiate the energy beam which has the 1st 
energy density on the amorphous semiconductor film containing said hydrogen, 
the process which irradiate the energy beam which has the 2nd larger energy 
density than said 1st energy density, and the process which irradiate the energy 



beam which has the 3rd larger energy density than said 2nd energy density. 
[Claim 11] It is the manufacture approach of a liquid crystal display that said 
semi-conductor film uses silicon as a principal component in the manufacture 
approach of a liquid crystal display according to claim 1 to 7. 
[Claim 12] The manufacture approach of the liquid crystal display which 
produces the 2nd crystalline semi-conductor which forms the 1st crystalline 
semi-conductor by the energy beam exposure of laser etc., irradiates energy 
beams, such as laser which has a still higher energy density, is made to weld the 
crystal grain contained in said 1st crystalline semi-conductor in the manufacture 
approach of a liquid crystal display of having the process which irradiates a 
energy beam and a semi-conductor thin film is made crystalizing, and has bigger 
crystal grain than the 1st crystalline semi-conductor. 

[Claim 13] In the manufacture approach of a liquid crystal display of having the 
process which irradiates energy beams, such as laser, and the semi-conductor 
thin film of 45nm or less of thickness is made crystallizing Energy beams, such 
as laser which has a still higher energy density after forming the 1st crystalline 
semi-conductor by the energy beam exposure of laser etc., are irradiated. The 
manufacture approach of the liquid crystal display characterized by producing 
the 2nd crystalline semi-conductor which is made to weld the crystal grain 
contained in said 1st crystalline semi-conductor, and has bigger crystal grain 



than the 1st crystalline semi-conductor. 

[Claim 14] It is the manufacture approach of a liquid crystal display that said 
semi-conductor thin film is an amorphous silicone film in the manufacture 
approach of claim 1 1 or the liquid crystal display of 12. 

[Claim 15] It is the manufacture approach of the liquid crystal display which 
forms said amorphous semiconductor film by plasma chemistry vapor growth in 
the manufacture approach of a liquid crystal display according to claim 1 to 6. 
[Claim 16] The manufacture approach of the liquid crystal display which forms 
the insulator layer which contacts said amorphous semiconductor film among 
said insulator layers in the manufacture approach of the liquid crystal display of 
claim 10 by the plasma chemistry vapor growth which used the mixed gas of 
alkoxysilane and oxygen as the raw material. 

[Claim 17] It is the manufacture approach of a liquid crystal display that said 
alkoxysilane has Si-H association in intramolecular in the manufacture approach 
of the liquid crystal display of claim 16. 

[Claim 18] The process which forms an insulator layer on an insulating substrate, 
and the process which forms the amorphous semiconductor film containing 
hydrogen on said insulator layer, The process which irradiates the energy beam 
which has the 1st energy density on the amorphous semiconductor film 
containing said hydrogen, The process which irradiates the energy beam which 



has the 2nd larger energy density than said 1st energy density, The process 
which irradiates the energy beam which has the 3rd larger energy density than 
said 2nd energy density, The process which obtains the ****** polycrystal 
semi-conductor film, and the process which carries out patterning of said 
polycrystal semi-conductor film to a predetermined configuration, The process 
which forms gate dielectric film so that said polycrystal semi-conductor by which 
patterning was carried out may be covered, Said gate dielectric film is minded. 
Said polycrystal semi-conductor a part The process which forms a gate 
electrode so that it may extend upwards, The process which introduces P type or 
an N type impurity into the predetermined part of said polycrystal semi-conductor 
with means, such as ion-implantation, by using said gate electrode as a mask, 
The process which activates said P type or an N type impurity by heat treatment, 
and forms the source and a drain field, The process which forms an interlayer 
insulation film so that said polycrystal semi-conductor and a gate electrode, the 
source, and a drain field may be covered, The process which prepares opening 
in the interlayer insulation film on said source and a drain electrode, The process 
which forms a source electrode and a drain electrode through said opening so 
that it may connect with said source and a drain field, The process which forms a 
protection insulator layer so that said source and a drain electrode may be 
covered at least, The manufacture approach of a liquid crystal display of having 



the process which prepares the 2nd opening in the protection insulator layer on 
said source or a drain electrode, and the process which forms the pixel electrode 
linked to said source or a drain electrode through said 2nd opening. 
[Claim 19] Said insulating substrate is the manufacture approach of a liquid 
crystal display that a point [ distortion ] is a glass substrate 700 degrees C or less 
in the manufacture approach of a liquid crystal display according to claim 1 to 18, 
and one of them is 800mm or more at least. 

[Claim 20] Gate wiring formed on the insulating substrate so that two or more 
signal wiring and these two or more signal wiring might be intersected, In the 
liquid crystal display which has the pixel electrode connected to two or more 
semiconductor devices formed near the crossing of said signal wiring and said 
gate wiring, and said two or more semiconductor devices The semi-conductor 
film which constitutes said semiconductor device is a liquid crystal display which 
was produced by the laser crystallizing method and whose diameter of average 
crystal grain thickness is 45nm or less 20nm or more, the surface average of 
roughness height is 5nm or less, and is 600nm or more. 
[Claim 21] Gate wiring formed on the insulating substrate so that two or more 
signal wiring and these two or more signal wiring might be intersected, Two or 
more semiconductor devices formed near the crossing of said signal wiring and 
said gate wiring, In the liquid crystal display which has the pixel electrode 



connected to said two or more semiconductor devices, and the capacitative 
element by which connected with said two or more semiconductor devices, and 
one [ at least ] electrode was constituted from semi-conductor film The 
semi-conductor film which constitutes the electrode of said capacitative element 
is a liquid crystal display which was produced by the laser crystallizing method 
and whose diameter of average crystal grain thickness is 45nm or less 20nm or 
more, the surface average of roughness height is 5nm or less, and is 600nm or 
more. 

[Claim 22] Gate wiring formed so that two or more signal wiring and said two or 
more signal wiring might be intersected at an insulating substrate top, In the 
liquid crystal display which has at least the pixel electrode connected to two or 
more semiconductor devices formed near the crossing of said signal wiring and 
gate wiring, and said two or more semiconductor devices The thickness by 
which the semi-conductor film which constitutes said semiconductor device was 
produced by the laser crystallizing method is 45nm or less 20nm or more, and 
the surface average of roughness height is 5nm or less. And the die length Ln of 
a periphery [ in / when the diameter of average crystal grain is 600nm or more 
and area of the crystal grain of arbitration is set to Sn / the front face of the 
crystal grain ] is Rn=(Sn/pi) 1/2. As opposed to Rn defined The liquid crystal 
display which is the semi-conductor thin film with which Ln<=4piRn is realized in 



at least 50% or more of crystal grain. 

[Claim 23] Gate wiring formed so that two or more signal wiring and these two or 
more signal wiring might be intersected on an insulating substrate, Two or more 
semiconductor devices formed near the crossing of said signal wiring and said 
gate wiring, In the liquid crystal display which has the pixel electrode connected 
to said two or more semiconductor devices, and the capacitative element by 
which connected with said two or more semiconductor devices, and one [ at 
least ] electrode was constituted from semi-conductor film The thickness by 
which the semi-conductor film which constitutes the electrode of said 
capacitative element was produced by the laser crystallizing method is 45nm or 
less 20nm or more, and the surface average of roughness height is 5nm or less. 
And the die length Ln of a periphery [ in / when the diameter of average crystal 
grain is 600nm or more and area of the crystal grain of arbitration is set to Sn / 
the front face of the crystal grain ] is Rn=(Sn/pi) 1/2. As opposed to Rn defined 
The liquid crystal display which is the semi-conductor thin film with which 
Ln<=4piRn is realized in at least 50% or more of crystal grain. 
[Claim 24] Said semi-conductor film is a liquid crystal display which is the 
polycrystal silicone film whose main crystal orientation on the front face of the 
film is (1 1 1) in a liquid crystal display according to claim 20 to 23. 
[Claim 25] Said insulating substrate is a liquid crystal display whose point 



[ distortion ] is a glass substrate 700 degrees C or less in a liquid crystal display 
according to claim 20 to 24. 

[Claim 26] Said semiconductor device is a liquid crystal display which has the top 
gate structure where the gate electrode was formed through the insulator layer in 
the liquid crystal display given in a term to either of claims 20-24 on said 
semi-conductor film. 

[Claim 27] It is the manufacture approach of a liquid crystal display that said 
energy beam is a laser beam in the manufacture approach of a liquid crystal 
display according to claim 1 to 6. 

[Claim 28] It is the manufacture approach of a liquid crystal display of performing 
the exposure of the energy beam of said 2nd process, said 3rd process, or said 
4th process two or more times in the manufacture approach of a liquid crystal 
display according to claim 1 to 6. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the configuration and 



its manufacture approach of a liquid crystal display of the high definition which 
has a large size, a high definition, and high definition about a liquid crystal 
display and its manufacture approach. 
[0002] 

[Description of the Prior Art] The liquid crystal display of an active-matrix method 
using the thin film transistor (it is described as Following TFT) as an indicating 
equipment of image information, such as OA equipment, and text is known. In 
this kind of liquid crystal display, low-cost-izing, highly-minute-izing, and high 
definition-ization is an important technical problem conventionally. In order to 
solve these technical problems, the improvement in the engine performance of 
TFT which is a key device is indispensable. To also constitute the circumference 
drive circuit which drives a TFT active matrix from TFT, to be accumulated on 
the same substrate, and to reduce cost is tried as it faces forming highly efficient 
TFT on a cheap glass substrate, for example, is indicated by J P, 8- 167722, A. 
Since circuitry and the mounting process which are mounted outside can be 
simplified if a more highly efficient circumference drive circuit is accumulate on 
a glass substrate, drastic reduction of mounting cost is expectable. In order to 
constitute a highly efficient circuit, more highly efficient TFT is needed. 
poly-SiTFT especially formed on the polycrystalline silicon (it is described as 
poly-Si below) film as TFT for the liquid crystal displays of a current 



circumference drive circuit accumulation mold is expected. poly-Si of high 
performance In order to form TFT on a large area substrate, it is required to form 
the quality poly-Si film at low temperature. The laser crystallizing method using 
high power laser as a technique which forms the quality poly-Si film on a 
large-sized glass substrate at low temperature is learned. 
[0003] Conventionally, by the laser crystalizing method of a semi-conductor thin 
film, in case polycrystal especially with a big particle size is formed, the 
projection of the height of the same level as the thickness generates. When this 
semi-conductor thin film is applied to the active layer of a device, especially a 
thin film transistor, in order that a hot carrier may degrade gate dielectric film by 
electric-field concentration in a height, this projection serves as a cause to which 
the proof-pressure property of gate dielectric film and the dependability over 
long-term use are reduced. As the manufacture approach of a crystalline 
semi-conductor thin film with little irregularity of the front face using laser 
crystallization reported until now, it is (1) IEEE TARANSACTIONS ON 
ELECTRON DEVICES and VOL.42 NO.2 1995 p251. It is laser as indicated 10 
mJ/cm2 A multistage story exposure is carried out in a pitch. 
[0004] (2) Dig.of Tech.Papers 1997 Int.Workshop Active Matrix 
Liq.Cryst. Displays (Business Center of Academic Societies and Tokyo 1997) 
p167 Laser radiation is carried out, after polycrystal-izing amorphous silicon with 



a solid phase grown method as indicated. 

[0005] (3) The cap material which penetrates a laser beam is formed in a 
semi-conductor front face in the case of crystallization indicated by Dig.of 
Tech. Papers 1996 Int.Workshop Active Matrix Liq.Cryst.Displays (Business 
Center of Academic Societies and Tokyo 1996) p85, and there is the technique 
of suppressing concavo-convex growth. 
[0006] 

[Problem(s) to be Solved by the Invention] (1) of the conventional technique 
which has the following problems with the above-mentioned conventional 
technique is laser finely 10 mJ/cm2 In order to carry out a multistage story 
exposure, it is hard to fuse the microcrystal silicon made once, and only the 
polycrystalline silicon whose diameter of crystal grain is about 60nm can be 
produced, but there is a trouble that big polycrystalline silicon 500nm or more 
cannot do the diameter of crystal grain. 

[0007] In (2), in order to use a solid phase grown method, since silicon is heated 
at 1000 degrees C, a cheap glass substrate cannot be used, but there is a 
problem which cannot manufacture a crystalline semi-conductor by low cost. 
[0008] In (3), it is a problem that a crystallization rate speeds up and only a 
polycrystal semi-conductor with bad quality with the small diameter of crystal 
grain is made at the time of melting by laser radiation since heat escapes by 



heat conduction to cap material. 

[0009] As mentioned above, coexistence of improvement in the component 
dependability according to smoothing of a front face with the approach of the 
conventional laser crystallization and improvement in engine performance, such 
as mobility by diameterf of a large drop ]-izing, was difficult. 
[0010] On the other hand, this invention aims at coexistence with expansion of 
the diameter of crystal grain, and control of projection generation in a 
semi-conductor front face using the laser crystallizing method, thickness is 45nm 
or less, and the diameter of average crystal grain is 600nm or more, and the 
surface average of roughness height offers 5nm or less, the crystalline flat 
semi-conductor [ highly efficient ] film, and the liquid crystal display using it. 
[0011] 

[Means for Solving the Problem] By this invention, in order to solve the 
above-mentioned technical problem, in case laser crystallization of the 
semi-conductor thin film is carried out, once setting thickness of a 
semi-conductor to 45nm or less and producing a polycrystal semi-conductor by 
laser radiation, irradiate the laser of high energy further, the crystal grain formed 
of pre- laser radiation is made to weld, and it is characterized by having still 
bigger crystal grain and growing up the polycrystal semi-conductor film with a flat 
front face. 



[0012] The 1st process which specifically forms the amorphous semiconductor 
film containing hydrogen on an insulating substrate, The 2nd process which 
irradiates energy beams, such as a laser beam which has the 1st energy density 
on the amorphous semiconductor film containing said hydrogen, once [ at least ] 
or more, The 3rd process which irradiates energy beams, such as a laser beam 
which has the 2nd larger energy density than said 1st energy density on said 
semi-conductor film, once [ at least ] or more, The production process which has 
at least the 4th process which irradiates energy beams, such as a laser beam 
which has the 3rd larger energy density than said 2nd energy density, once [ at 
least ] or more was adopted as said semi-conductor film. 
[0013] An amorphous semiconductor can be formed at low temperature 400 
degrees C or less at homogeneity on a large-sized glass substrate which has 
one side 800mm or more by forming the amorphous semiconductor film which 
contains moderate hydrogen as initial film by the plasma-CVD method. 
Moreover, the thickness of the initial film affects the magnitude of the surface 
irregularity after laser recrystallization. If it is 45nm or less as thickness 
according to the experiment of this invention persons, it is clear that surface 
irregularity's it can control to 5nm or less in general. 

[0014] Next, by the 1st laser radiation, the inside of said amorphous 
semiconductor is heated and the hydrogen in the film is desorbed. 



[0015] Exposure energy density at this time is made into membranous melting 
and extent to which crystallization does not take place, and generating of the 
void of the film by the hydrogen in the film being emitted at a stretch is prevented. 
[0016] Next, the polycrystal semi-conductor film which is made to recrystallize 
and consists of melting and small crystal grain whose diameter of average 
crystal grain is about 50nm in an amorphous semiconductor is obtained by the 
2nd laser radiation stronger than the 1st laser. 

[0017] If exposure energy is increased at a stretch in order to enlarge the 
diameter of crystal grain at this time In case the silicon fused completely 
crystallizes, in the field (grain boundary) in which the growth side where crystal 
growth progresses horizontally (it is an parallel direction to a substrate substrate), 
and adjoins it according to a big temperature gradient collides in order that a 
consistency may decrease from 2.5 g/cm3 of a melting condition to 2.3 g/cm3 of 
a crystallized state - expansion of the volume - happening - a projection - 
generation - the purpose of obtaining a smooth front face cannot be attained. 
For this reason, it is important to choose the range where the polycrystal 
semi-conductor film which consists of small crystal grain whose diameters of 
average crystal grain are about 50nm as 2nd laser beam reinforcement is 
obtained. 

[0018] More nearly finally than the 2nd laser beam, by the exposure of the 3rd 



still stronger laser beam, welding of the crystal grain of the diameter of a granule 
obtained by the 2nd laser radiation is carried out, and the polycrystal 
semi-conductor film of the diameter of a large drop is obtained. Thus, when the 
crystal grain which faced across the grain boundary carries out welding 
(secondary grain growth) of the obtained diameter polycrystal semi-conductor 
film of a large drop, expansion of crystal grain has broken out. Since the thing 
when crystallizing the height of a projection by low laser since the collision of the 
crystal growth side which progresses horizontally did not break out at this time is 
maintained, a crystallization process at large is covered and generation of a high 
projection is controlled. 

[0019] Moreover, for the polycrystal semi-conductor film obtained by doing in this 
way, the die length Ln of a periphery [ in / it is an indeterminate form and / the 
front face of the crystal grain ] is [ crystal grain ] Rn=(Sn/pi) 1/2. In at least 50% 
or more of crystal grain, Ln<=4piRn is realized to Rn defined. Usually, by the 
polycrystal semi-conductor film produced with the solid phase grown method, 
crystal grain serves as a dendrite configuration, it has very big periphery length 
to the area of crystal grain, and an upper type is not realized. By such polycrystal 
semi-conductor film, carrier mobility with them is not obtained. [ there are many 
crystal defects and big ] On the other hand, the polycrystal semi-conductor film 
by this invention serves as a crystalline semi-conductor with him. [ the small 



periphery length of crystal grain, and ] [ quality ] 

[0020] The polycrystal semi-conductor film flat in such a diameter of a large drop 
is suitable for highly efficient TFT at high reliance. 

[0021] The description of others of this invention will become clear from the 

gestalt of the following operations. 

[0022] 

[Embodiment of the Invention] Hereafter, the example using silicon as 
semi-conductor film is explained per example of this invention, referring to a 
drawing. 

[0023] (Gestalt 1 of operation) 200nm of oxidation silicone films 2 is formed by 
the plasma-CVD method which used tetraethyl orthochromatic silicate (TEOS) 
and oxygen gas as the raw material by 680mmx880mm on the alkali-free-glass 
substrate 1 of 670 degrees C of points [ distortion ]. 

[0024] Membrane formation temperature is TEOS and 02 at 360 degrees C. 
Flow rate is 1 :1 00. A substrate oxidation silicone film needs to form the good film 
equivalent to gate oxide in order to contact the upper semi-conductor layer. 
TEOS:02 The fixed density of electric charge was able to obtain the small good 
oxidation silicone film 2 by setting a ratio to 1:100 and considering as the 
membrane formation temperature of 350 degrees C. Moreover, it is effective in 
order that using the TORIETOKISHI orthochromatic silicate (H-Si-03(C2H5) 3) 



which replaced one of the four alkyl groups of a TEOS molecule by H instead of 
TEOS may also form the good film. 

[0025] Next, hydrogenation amorphous silicon 3 of 35nm of thickness is formed 
by the plasma-CVD method which makes a mono silane and hydrogen material 
gas. The amount of hydrogen in the film evaluated by infrared absorption 
spectrometry was 7 - 1 0at%. ( Drawing 1 ) 

Next, 200 mJ/cm2 30 shots irradiate the XeCI excimer laser 4, and the contents- 
hydrogen of the above-mentioned hydrogenation amorphous silicone film 3 is ■ 
desorbed. The film Nakamizu quantum after dehydrogenation treatment was 1 - 
3at%. ( Drawing 2 ) 

Next, 300 mJ/cm2 The XeCI excimer laser 4 is irradiated, the amorphous silicon 
4 which carried out dehydrogenation processing is crystallized, and the 
polycrystal silicone film 5 is formed. The diameter of average crystal grain was 
about 60nm. ( Drawing 3 ) 

Next, 380 mJ/cm2 When the XeCI excimer laser 4 was irradiated at the 
polycrystal silicone film 5, about 60nm crystal grain welded the diameter of 
average crystal grain mutually, and the polycrystal silicone film 6 whose 
diameter of average crystal grain is about 600nm was obtained. ( Drawing 4 ) 
The scanning electron microscope image photograph of the front face of the 
polycrystal silicone film 6 obtained by drawing 5 by doing in this way and a cross 



section is shown. In order to clarify a grain boundary in a top view, etching 
processing has removed the grain boundary part. The membranous front face is 
very smooth so that a photograph may show, and it turns out that big crystal 
grain is obtained. Surface average irregularity was 3nm. Drawing 6 which is an 
element with the important thickness of early amorphous silicon when attaining 
flattening shows the front face of a polycrystal silicone film and cross-section 
scanning electron microscope image photograph which gave and produced the 
same process to hydrogenation amorphous silicon of 55nm of thickness. In spite 
of having passed through the same process, the projection of height comparable 
as thickness was found on the front face, and there were not a polycrystal 
silicone film produced by the conventional laser crystallizing method and a 
changing place at 55nm of thickness. Then, the relation of the thickness of the 
hydrogenation amorphous silicon which is surface irregularity and a diameter of 
crystal grain, and the initial film was investigated in the detail. 
[0026] The membranous diameter of average crystal grain to the silicone film of 
initial thickness which is different in drawing 7 , and the relation of the exposure 
energy of the 3rd excimer laser are shown. 

[0027] In addition, the diameter of circle equal to the area of each crystal grain 
defines the mean particle diameter of crystal grain, and the diameter la of 
average crystal grain of the field (area is S) of arbitration where m crystal grain 



exists is defined by the degree type. 

[0028] la=2x (S/m) (/pi) - in addition, in the case of SEM, the area S of the range 
which asks for the diameter of average crystal grain is the sum total of the area 
of each crystal grain with which the whole was photoed in this invention 1/2, 
without the grain boundary in one visual field photoed for the scale factor which 
can check the magnitude of crystal grain separating and going out from a visual 
field. Moreover, when there are two or more visual fields, the full field bubble **** 
sum total serves as area S in the sum total of the area of the crystal grain with 
which each whole visual field went into the visual field. In the case of AFM, STM, 
etc., it is the sum total of the area of each crystal grain with which all grain 
boundaries entered in the measuring range of the arbitration. 
[0029] The exposure energy with which the diameter of average crystal grain 
serves as max becomes so small that thickness becomes thin depending on the 
thickness of the initial film. Moreover, the maximum of the diameter of average 
crystal grain also becomes the largest at 45-35nm of thickness depending on the 
thickness of the initial film, and even if thickness is thinner than it and it is thick, it 
turns out that a maximum grain size becomes small. The surface energy in the 
substrate interface used as the driving force of secondary grain growth becomes 
large compared with grain boundary energy required for the atomic 
rearrangement in a grain boundary, and it is thought of for secondary grain 



growth to become easy to happen that a maximum grain size becomes large, so 
that thickness becomes thin. From this result, in order to enlarge the diameter of 
crystal grain, as thickness of the initial film, 45nm or less is understood that 
35nm - 45nm is desirably good. 

[0030] Drawing 8 shows the surface irregularity of the film with which the 
diameter of the maximum average crystal grain was obtained, and the relation of 
the thickness of the diameter of the maximum crystal grain, and the initial film. 
[0031] Surface irregularity is the average of roughness height for which it asked 
with the atomic force microscope (AFM). 

[0032] By this invention, the surface average of roughness height means 
arithmetic mean granularity (Ra), and when analyzing the shape of surface type 
of a semi-conductor by three dimensions, it breaks by measurement area the 
volume of the part surrounded in respect of the average height of the shape of a 
surface type-like curved surface and surface type. In this invention, when 
analysis means by which the shape of surface type can be analyzed by three 
dimensions, such as AFM and scanning tunneling microscope STM, analyze 
measurement area, it considers as the range of the arbitration on the front face 
of a semi-conductor with a bigger area than the analytical limit area which can be 
analyzed. On the other hand, when analyzing the shape of surface type with the 
2-dimensional cross-section structure of a semi-conductor, if the surface 



average of roughness height is obtained from a surface type-like curve as shown 
in drawing 9 , it will break the integral value of surface type-like height by 
measurement length. Cross-section structure is observable with the photograph 
of the scanning electron microscope (SEM) of TEM or a high resolution. 
Moreover, it is also possible to scan the measurement needle of AFM or STM 
once. The range of the measurement length which computes the average of 
roughness height by this invention is one visual field or two or more visual fields 
of an electron microscope which are the scale factors which can compute 
granularity, when making electron microscopes, such as TEM and SEM, into an 
analysis means. Moreover, when using AFM and STM, it is the range of the 
arbitration on the front face of a semi-conductor longer than the measurement 
marginal die length. In this invention, the method of computing the average of 
roughness height may use whichever of the calculation from the configuration of 
three dimensions, and the calculation from a cross-section configuration. If the 
Z-axis and the measured surface type-like curved surface are made into z=f (x y) 
for the direction of thickness when the configuration of three dimensions is seen, 
Ra will become like a degree type. 

[0033] Ra=(1/(Lx-Ly)) xintegralLxO integralLyOf(x y) dxdy - if the Z-axis and the 
measured surface type-like curve are made into z=f (x) for the direction of 
thickness when the direction measurement length of Lx:X, the method of 



direction measurement Choichi of Ly:Y, and cross-section structure are seen 
here, Ra will become like a degree type. 

[0034] Ra=(1/Lx) xintegralLxOf(x) dx - it is the direction measurement length of 
Lx:X here. 

[0035] It turns out that 20nm or more of initial thickness is more desirable than 
the result of drawing 8 in order to obtain 600nm of diameters of average crystal 
grain. Moreover, in order to obtain the surface irregularity of 5nm or less, it is 
desirable for thickness to set 45nm to 40nm or less desirably. 
[0036] Moreover, when the polycrystal silicone film by this invention was 
observed with the X-ray diffraction method, it became clear that the crystal face 
parallel to a substrate side was carrying out orientation to a field (111) strongly. 
In Si, this is a phenomenon which happens since the surface energy of a field 
becomes the smallest (111), and has proved that it is caused by the secondary 
grain growth to which surface energy serves as a driving force and increase of 
the diameter of crystal grain takes place. 

[0037] Moreover, by arranging the crystal face of crystal grain in this way, on 
practical use, the potential barrier in a grain boundary becomes low, and it is 
effective in carrier mobility increasing. 

[0038] (Gestalt 2 of operation) Drawing 10 - drawing 19 explain the gestalt of 
operation of the 2nd of this invention. 



[0039] 100nm of silicon nitride films 200 is deposited in 680mmx880mm by the 
plasma-CVD method which used the mixed gas of a mono silane, ammonia, and 
nitrogen as the raw material on the alkali-free-glass substrate 1 of 670 degrees 
C of points [distortion]. 

[0040] Next, 200nm of oxidation silicone films 2 is formed by the plasma-CVD 
method which used tetraethyl orthochromatic silicate (TEOS) and oxygen gas as 
the raw material. 

[0041] Then, hydrogenation amorphous silicon 3 of 40nm of thickness is formed 
by the plasma-CVD method which makes a mono silane and hydrogen material 
gas. ( Drawing 10 ) Form silicon 3. The amount of hydrogen in the film evaluated 
by infrared absorption spectrometry was 7 - 10at%. 

[0042] Next, 200 mJ/cm2 30 shots irradiate the XeCI excimer laser 4, and the 
content hydrogen of the above-mentioned hydrogenation amorphous silicone 
film 3 is desorbed. The film Nakamizu quantum after dehydrogenation treatment 
was 1 - 3at%. 

[0043] Next, 300 mJ/cm2 The XeCI excimer laser 4 is irradiated, the amorphous 
silicon 3 which carried out dehydrogenation processing is crystallized, and the 
polycrystal silicone film 5 is formed. The diameter of average crystal grain was 
set to about 60nm at this time. 

[0044] Next, 380 mJ/cm2 If the XeCI excimer laser 4 is irradiated at the 



polycrystal silicone film 5, crystal grain will weld and the diameter of average 
crystal grain will form the polycrystal silicone film 6 whose surface average of 
roughness height is 3nm by about 600nm. ( Drawing 11 ) Next, carry out 
patterning of said polycrystal silicone film 6 to a predetermined configuration by 
the well-known phot lithography method. 

[0045] Next, by the plasma-CVD method which used tetraethyl orthochromatic 
silicate (TEOS) and oxygen gas as the raw material, gate dielectric film 20 is 
used as a diacid-ized silicone film, and is deposited 50nm. The substrate 
temperature at the time of formation is 360 degrees C, TEOS, and 02. The gas 
mixture ratio set to 1:100 and obtained the diacid-ized silicone film as gate 
dielectric film 20. ( Drawing 12 ) 

Next, 250nm of Nb film is deposited by the sputtering method as a gate 
electrode, and the gate electrode 10 which is a scan wiring electrode which 
carried out patterning to the predetermined flat-surface configuration by the 
well-known phot lithography method, and was united with the gate electrode of 
TFT and this is obtained. ( Drawing 13 ) 

Next, it is Lump n inside at acceleration voltage 45keV and dose 1E13cm-2 
about Lynn by ion-implantation, using a gate electrode as a mask. - A layer 31 1 
is formed. ( Drawing 14 ) Next, drive in Lynn after forming a predetermined 
photoresist pattern by acceleration voltage 40keV and dose 1E15cm-2 by the 



phot lithography method, and it is n+. A layer 31 is formed. ( Drawing 15 ) 
Another photoresist pattern is formed by the phot lithography method after 
removing the aforementioned photoresist pattern, boron is poured in by 
acceleration energy 30keV and dose 3E15cm-2, and it is p+. A layer 32 is 
formed. ( Drawing 16 ) 

500nm of diacid-ized silicone films is deposited as an interlayer insulation film 21 
by the plasma-CVD method which used tetraethyl orthochromatic silicate 
(TEOS) and oxygen gas as the raw material as an interlayer insulation film, it 
heat-treats at 450 degrees C for 1 hour, and impregnation ion is activated. 
( Drawing 17 ) 

After carrying out opening of the contact through hole to an interlayer insulation 
film by the well-known phot lithography method, as the source and a drain 
electrode, aluminum is deposited in 450nm, Cr is deposited by the 50nm 
sputtering method, patterning is carried out by the well-known phot lithography 
method, and the source electrode 11 and the drain electrode 12 are obtained. 
( Drawing 18 ) 

Next, 500nm of silicon nitride films is deposited as a protection insulator layer 23 
by the plasma-CVD method which used the mixed gas of 200nm, a mono silane, 
ammonia, and nitrogen as the raw material for the diacid-ized silicone film as a 
protection insulator layer 22 as a protection insulator layer by the plasma-CVD 



method which used tetraethyl orthochromatic silicate (TEOS) and oxygen gas as 
the raw material. 

[0046] Next, by heat-treating a substrate at 400 degrees C among hydrogen or 
nitrogen-gas-atmosphere mind for 1 hour, the hydrogen contained in the silicon 
nitride film as a protection insulator layer 23 is diffused to said polycrystal 
silicone film 3, and the defect which exists in the grain boundary is closed and 
inactivated. 

[0047] Finally, after carrying out opening of the contact through hole to a 
protection insulator layer by the well-known phot lithography method, 140nm of 
ITO film is deposited by the sputtering method, it is processed by the well-known 
phot lithography method, the pixel electrode 13 is formed, and the active-matrix 
substrate using polycrystalline silicon TFT is obtained. ( Drawing 19 ) 
Since the surface average of roughness height constituted the TFT active matrix 
from a gestalt of this operation using 3nm and the flat polycrystal silicone film 6, 
thickness of the gate dielectric film on the polycrystal silicone film 6 was able to 
be made thin to 50nm, without reducing dependability. 

[0048] Drawing 20 compares with the conventional TFT the gate-source leak 
current characteristic of TFT produced by the manufacture approach of the 
gestalt this operation. 

[0049] Gate dielectric film shows big leakage current with the 50nm conventional 



component in the low electric-field field of 2 or less MV/cm of impression electric 
fields by electric-field concentration by the height of a polycrystal silicone film 
front face. And although dielectric-breakdown electric field do not bear practical 
use as TFT for a liquid crystal drive low with 4 or less MV/cm, either In TFT 
produced by the manufacture approach of the gestalt this operation, for surface 
smooth nature, the leakage current in a low electric-field field was suppressed 
sufficiently low, and dielectric-breakdown electric field were also high in cm and- 
7MV /, and TFT of high reliance was obtained. 

[0050] Moreover, since the diameter of average crystal grain used polycrystalline 
silicon with 600nm and good crystallinity, 2/Vs, and good TFT were obtained 
301cm as electric field effect mobility of NMOS. According to the description of 
high thin-film-izing of these carrier mobility and gate dielectric film, highly 
efficient TFT with high current drive capacity was able to be obtained. Since the 
high performance drive circuit needed for the drive circuit of a high-definition 
display is constituted, such high performance TFT is suitable. 
[0051] (Gestalt 3 of operation) The top view of the unit pixel of the liquid crystal 
display which drawing 21 requires for the gestalt of another operation of this 
invention, and drawing 22 are the sectional views which met the line shown by 
A-Ain drawing 21 '. 

[0052] In the gestalt of this operation, the description is that it constituted not 



only the semi-conductor that constitutes TFT but one electrode of a capacitative 
element Cst connected to TFT from polycrystalline silicon of this invention. The 
capacitative element Cst consists of gate dielectric film 20 pinched by the 
polycrystal silicone film 30, the common electrode 15, and these. 
[0053] Such a capacitative element is prepared in liquid crystal capacity and 
juxtaposition, in order to compensate the asymmetry of the liquid crystal applied 
voltage which originates in the feed-through electrical potential difference 
resulting from the electrical-potential-difference dependency of the capacity of a 
liquid crystal layer, and the parasitic capacitance between the gate-sources of 
TFT, and is generated. Although it is better to enlarge capacity value as much as 
possible in order to make asymmetry of liquid crystal applied voltage sufficiently 
small, since a capacitative element generally needs area, if a big capacity is 
formed, the area of opening which light penetrates within a pixel will become 
small, and efficiency for light utilization will fall. 

[0054] Moreover, short [ poor ] tends to happen in the part by volume which 
takes a big area. If the conventional polycrystal silicone film which has a big 
projection in a front face especially is used as a capacity electrode, short [ in a 
part by volume / poor ] will occur frequently, and it will be easy to generate a 
pixel defect. Since there was almost no poor short generating in the capacitative 
element section by having used the polycrystal silicone film with the front face 



flat as a capacity electrode by this invention, the good liquid crystal display 
without a pixel defect has been constituted. Moreover, since it became possible 
to make the insulator layer of a part by volume thin, without making short [ poor ] 
increase, capacity per unit area could be enlarged and an area required for 
capacity formation has been reduced. For this reason, since area of opening 
was enlarged, efficiency for light utilization improved, and the brighter liquid 
crystal display has been constituted. 

[0055] (Gestalt 4 of operation) Drawing 23 shows the equal circuit of the whole 
display which accumulated the circumference drive circuit on the same substrate 
with the TFT active matrix. Y1 - Yend The drain electrode 12 which are the scan 
signal line 10 and the video-signal line which consists of X1 R-XendB, and the 
active matrix 50 which consists of TFT formed near [ these ] the crossing, The ** 
level scanning circuit 53 for dividing into two or more blocks the video signal for 
the vertical-scanning circuit 51 which drives this, and the 1 scanning line, and 
supplying it in time sharing, and video signal Data The data signal lines Vdr1, 
Vdg1, and Vdb1, - to supply, It consists of a switch matrix circuit 52 which 
supplies a video signal to an active-matrix side for every division block. 
[0056] As semi-conductor film, the front irregularity which is the description of 
this invention was as flat as 5nm or less, and since the diameter of average 
crystal grain used the polycrystal silicone film of the diameter of a large drop 



600nm or more, TFT of high mobility of 300 or more cm/Vs was able to be 
obtained by NMOS. By having used this TFT, it became accelerable [ a 
horizontal scanning circuit ]. By this, since the number of partitions in the case of 
dividing a video signal into two or more blocks was lessened, the number of 
signal path cords from the outside could be lessened, and the compact liquid 
crystal display has been realized. 

[0057] Moreover, improvement in the speed of a drive circuit realized 1600x3 
number of vertical-scanning lines 1200 level signal lines, and a high definition 
drive circuit built-in liquid crystal display in the diagonal size of 10 inches. 
[0058] (Gestalt 5 of operation) Drawing 24 shows the liquid crystal cell cross 
section of the liquid crystal display concerning this invention. On the lower glass 
substrate 1 , the pixel electrode 1 3 with which the gate electrode 1 0 and the drain 
electrode 12 which is a video-signal electrode consist of ITO through TFT which 
was formed in the shape of a matrix and formed near [ the ] the intersection is 
driven on the basis of the liquid crystal layer 506. On the opposite glass 
substrate 508 which counters on both sides of the liquid crystal layer 506, the 
counterelectrode 51 0 which consists of ITO and the color filter 507, the color 
filter protective coat 511, and the light-shielding film 512 that forms the black 
matrix pattern for protection from light are formed. The polarizing plate 505 is 
formed in the front face of the outside of the glass substrate 1,508 of a pair, 



respectively. The liquid crystal layer 506 is enclosed between the lower 
alignment film ORM which sets up the sense of a liquid crystal molecule, and the 
up orientation film ORI2, and the seal is carried out by sealant SL (not shown). 
Lower alignment film ORI1 is formed in the upper part of the protection insulator 
layer 23 by the side of a glass substrate 1. A light-shielding film 512, a color filter 
507, the color filter protective coat 511, a counterelectrode 510, and the up 
orientation film ORI2 carry out a laminating to the front face inside the opposite 
glass substrate 508 one by one, and are prepared in it. This liquid crystal display 
is assembly **** by forming separately the layer by the side of a glass substrate 
1 and the opposite glass substrate 508, piling up the bottom glass substrate 
1,508 of that Gokami, and enclosing liquid crystal 506 among both. The color 
liquid crystal display of a TFT drive mold is constituted by adjusting transparency 
of the light from a back light BL in pixel electrode 13 part. High reliance and a 
high-definition TFT method liquid crystal display are realizable by using the 
semiconductor device of this invention described above as TFT of a drive circuit 
which drives TFT which drives the pixel electrode 13, and this. 
[0059] 

[Effect of the Invention] By this invention, since surface irregularity can 
manufacture the small and quality large thin film semiconductor of the diameter 
of crystal grain, the liquid crystal vote equipment of high-definition and high 



reliance can be obtained using it. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the gestalt of operation of the 1st of 
this invention. 

[Drawing 2] It is the sectional view showing the gestalt of operation of the 1st of 
this invention. 

[Drawing 3] It is the sectional view showing the gestalt of operation of the 1st of 
this invention. 

[Drawing 4] It is the sectional view showing the gestalt of operation of the 1st of 
this invention. 

[Drawing 5] They are a cross section, and the flat-surface electron microscope 
photograph and its copy Fig. of the polycrystal silicone film of 40nm of thickness 
concerning the gestalt of operation of this invention. 

[Drawing 6] They are a cross section, and the flat-surface electron microscope 
photograph and its copy Fig. of the polycrystal silicone film of 55nm of thickness 
out of range of this invention. 



[Drawing 7] It is drawing showing the relation between the exposure laser energy 
in the silicone film with which thickness differs, and the diameter of average 
crystal grain. 

[Drawing 8] It is drawing showing the maximum of the diameter of crystal grain of 
a polycrystal silicone film and average surface irregularity, and the relation of 
thickness. 

[Drawing 9] It is a mimetic diagram explaining the definition of average surface 
irregularity. 

[Drawing 10] It is the sectional view showing the gestalt of operation of this 
invention. 

[Drawing 11] It is the sectional view showing the gestalt of operation of this 
invention. 

[Drawing 12] It is the sectional view showing the gestalt of operation of this 
invention. 

[Drawing 13] It is the sectional view showing the gestalt of operation of this 
invention. 

[Drawing 14] It is the sectional view showing the gestalt of operation of this 
invention. 

[Drawing 15] It is the sectional view showing the gestalt of operation of this 
invention. 



[Drawing 16] It is the sectional view showing the gestalt of operation of this 
invention. 

[Drawing 17] It is the sectional view showing the gestalt of operation of this 
invention. 

[Drawing 18] It is the sectional view showing the gestalt of operation of this 
invention. 

[Drawing 19] It is the sectional view showing the gestalt of operation of this 
invention. 

[Drawing 20] The comparison of the gate leakage current characteristic of TFT 
produced by the approach of this invention and the conventional TFT is shown. 
[Drawing 21] It is the top view of the unit pixel of the liquid crystal display 
concerning the gestalt of operation of this invention. 

[Drawing 22] It is the sectional view of the unit pixel of the liquid crystal display 
concerning the gestalt of operation of this invention. 

[Drawing 23] It is the whole drive circuit built-in liquid crystal display block 

diagram concerning the gestalt of operation of this invention. 

[Drawing 24] It is the eel sectional view of the liquid crystal display concerning 

the gestalt of operation of this invention. 

[Description of Notations] 

1 - A glass substrate, 2 - A substrate oxidation silicone film, 3 - Hydrogenation 



amorphous silicon, 4 - XeCI excimer laser, 5, 6, 30 - A polycrystal silicone film, 
10 - Gate electrode, 11 [ - Gate dielectric film, ] - A source electrode, 12 - A 
drain electrode, 13 - A pixel electrode, 20 21 - An interlayer insulation film, 22 ~ 
A protection insulator layer (Si02), 23 - Protection insulator layer (Si3N4), 31 - 
n+ A layer, 32 - p+ A layer, 51 [ - A TFT active matrix, 52 / - A switch matrix 
circuit, 200 / - A silicon nitride film, 331 / - n - / Layer. ] - A vertical-scanning 
circuit, 53 - A horizontal scanning circuit, 50 
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[»^2 6] W5R1M2 o~2 4oi^-rn*^^ia«© 

mm 2 7 ] it im 1 ~ 6 <D^-rtnMcm&<Dm&& 

[ira 2 8 ] mxm 1 ~ 6 (D^ttiMcmmom^m 
mmm 2 ©xextiMtH^ 3 oxmxitmsm 4 ©is 

©XT- If- A©B§if SlfclHlff 5 BcH^^fi 

©»5fi£i6o 
[?PJ§©i#I£M] 
[0 0 0 1] 

1- § K n D nfi©r^B e H ^SH©^*3 £ tf* ©sisg#Si 

Hf«t>©Tf**o 
[0 0 0 2] 

IIB^LT, Ititr-^y^X^ (JLXTTFT^fEf) * 

fflwtr ^f^ 7v h- u ^^^©rfe^^S^ftJ 

atlTl^o ^*o©@©^ B B H ^gtt^feV^Ttt{g3 

7, hit, mmmit, mmmkifmtmmx&Zo en 

5»©^S^^-ri»fci6tCtt^-f ; VWX-eS§ TFT 

(DMrntftx-frtt^o tsmmT f t£«&#^ 
xafeiifcj&jg-rsEiKLT, wm^fs— 16772 
2 ^^ciB^nrv^ctdf^ TFT7^f^yv 
h v v ^^mmt^ummmm^^i f v-mm 
u m-mm±Kmm bx^xh *\mtz> z t im& 

immxizftimmmmr mmm^mmxmm 



Sfflfi6oiiI»*#i«rsfc«>K:a:, <fc 9 Stem* T F T 

S^gfiffl© T F T t LT^HBftS/ U n y OTFpoly- 
S i fclH-T) BLtfcJftSLfcpoly-S i TFT ft N \ ^# 
?tltt^o iS'l4fg©poly- Si T F T^^ffi^SS 
±^ffM1-5/c46tCttiffp n n S^poly- S i H^fffiST?^ 
^-rSdfc^S-pfcSo i&UX\ iS&K&poly-S i 
M^±§y©^x»S±^jfM-r5S^i:LT, KtB^j 
i/—*f£flj^;fc Wif ^Hf t& tffci h ftx 

[0003] ¥mvmm<Du~*rmMiimxiz, 

fvwx, mmm h^y^^ommmimmbrcn 
?~ htmm*%<k2 : &z fc*bs d (omum- him 

^b^ffl^fcgMCHfl^^v^^tt^^M©® 

(1) IEEE TARANS ACT IONS ON ELECTRON DEVICES, VOL. 
42 NO. 2 1995 p251 KgBIKSftTVS <fc 5 K U— If* 1 
0 m J /cm2 t° y f-T?^g8BJPWfr So 

[0 0 0 4] (2) Dig. of Tech. Papers 1997 Int. W 
orkshop Active Matrix Liq. Cryst. Displays (Busines 
s Center of Academic Societies, Tokyo 1997) pl67 

[0 0 0 5] (3) Dig. of Tech. Papers 1996 Int. W 
orkshop Active Matrix Liq. Cryst. Displays (Busines 
s Center of Academic Societies, Tokyo 1996) p85fc 

[0 0 0 6] 

©«t5ftM«36i<**, fi£*»D (1) it U— lf*tt 

i omj/cmz v&®mm??zrcib. -m-czrc 
ma^ v n ytfmm lk<<, mmm* eonmg 
Ao^m&i/v^ybiMmv^-f, m^mff 50 o 

n m&±©*^ &^lg B B B ^ U 3 >3^T?#ft^fc V> 5 P^M 
[0 0 0 7] (2) @«^S?S^ffl^§fci6s ^ 

•Jny^lOOO °c-c-^nii-r§©i:^ffi^^^xa«^ 
m-ez-fs i&^xhxm^mmmmmxitr^m 

[0 0 0 8] (3) T?ti, U— tfSM*fc:«J:SjaaKl^fc: % 

[ooo9] &bk<D&5tc* m.^(ob-^m^it<D^m 



(5) 
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[ooio] onKMLx, *nwteu-*fm&itm* 

t<DmiL*BWtLXt3<0, I)fff4 5nmttTWO 

5 n m&TFtmm&mm&^^mwmisztfzft 

[0 0 1 1] 

mfovmm % 4 5 n m «T t u i^— sro k <t <o - m 
^^mmimLrc^ z z t^x*/^-© u- 
v&wm l x. m© is-vm&K <fc o -oBjasftfeiift 

[0012] mmmm±i^ 

±M*rtsig2©i*i^ Mie^s^Mtc, tmn© 

%)\s¥-®m& d 3 ox*;i/^-«a**f « 
wif^cDXT-^^-e-A^^a < tt>-®u±m 

[0013] wmmtLx, mmwmtt^mmn* 
mwrnzf^xv c vDffifcj; d j&kt * c t k j: d > 

-Htf 8 0 OmJ&Ui&SJ: 5 5:^©^^®E±fC 4 
0 0 "CWTOffiMT?, ^-^^B%K¥#^^ffM-et 

(Dxim tcsmzRisto ^mmm commit «t tn±\ 

§tJ? i: LTfi 4 5 n m«T7?fc*U£ 3tffiH£i«$Ma 5 

nm&rf^mmx^^c ttim^tr^x^?>o 
[0015] z.m(omM^^-mmm(Dmm, 

[0 0 16] &fc, Sl©l^-!f«J:03lV^2Ob— If 

^^^5 0 nmes©/i^v«iiiK^6«jssn 
[0017] c(omi^ mM,nm**.z<-t&rctbim 



t\ tie^jiKiD 2 . 5 g /ci3^p,^ H B H mi© 2 . 
3 g/aie%xm'p~?z>rctb, imow&ffmzvzm 

©fcft, fg2©U— *f l?-A3SUlffc LT«¥^*g B B B S@ 
3^5 0 nmSg©/h?V^ta[A^«^5nS^i!e^ 

[0018] mmu m2<Dis~*r\L~h&<9$>i£t>fc 

SftvSS 3 © if \£-I±<DMM K <fc D , it 2 © *ffi8 
S) t§i:J:iaD& 9 B gofWgtti^ 0 c© 

us. 7k¥J3faimts&mj&&^<Dmmz&z%:^<DX\ 
^©is? tt<gi^ u— if ?iigffi{ b Lfc t # © «» (Dt>mn 
znz<DX\ ^Bitfu^x^m^rc^x, kv^s 

[0 0 19] CO«J:5f«:LT»6nfe^HieiMN» 
ft^tt. ^BlIutt^S^-eSD, ^©S B B B |i©Hffi{c*3 
JtS^JSOfiSLn^ Rn=(Sn/i)'/2fSi? 
tl§ R n fcj* LT, '>4<fcfe5 0 %^±©^ B B B f5^*5 
t^T L n ^ 4 s R n tflS D4ofeOfS5 0 @* 

M«> ^ b b b S©^S^/Jn^ < Kp»pg&!S B B H tt¥#fti: 
[0 0 2 0] C©J;^^gg^iffiW^lffi 

MmrnxMrn^T ftm^^o 

[0 0 2 1] *«W©*©fl&©1«KH:«-F©*«©»ll 
[0 0 2 2] 

[0 0 2 3] mmmmi) 6 8 OmX 8 8 Omm-pS 
M6 7 0 tOi7;W "J *7X11 1 ±Cf h 7Xf 
;l/*;l/y'>U^h (TEOS) fcllilS:*fX£Jl*3fti:l/ 
rcf^X^r C V D ffi-ettfb^ U n >M 2 ^ 2 0 0 n mjE 
UTS. 

[0 0 2 4] «Sgtt3 6 0°CTTEOS t0 2 (Dffi. 
SJtBl : l OO-efcSo Tifft^'JnyKJJ© 

*JBlSf SjgSs^JfeSo TEOS :0 2 M1 : 100 
fcU «US3 5 OTCfcfSCfcfCfctK 

fc 0 Sfe. TEOSOfbD^ TE0S^?O4OO 
T;^;US©0-fco*HT?B^SI^fc h 'Jxf^t^ 



(6) 



*Wm 2000-81642 



v^v^r^v (h-s i -o 3 (c 2 h 5 ) 3 ) %m?<itt> 
[0025] ^e/^yt7m^MM^7.fr^ 

7^Xv C V D&fC & D mm 3 5 n m©z(<f|?{|^ B B B H^ 

7kf§»£ 7 ~ 1 0 at % X%> o /Co (01) 

2 0 0 m J /a 2 (DX e C 1 ~>Vl/-f 4 ?: 
3 0^37 hMMLXs ±E*3(Mfc*ftK'> U 3 >JH 3 

l~3at%-£&^fc 0 (02) 

3 0 0 m J /cm 2 ©XeC 1 x^>^ tf 4 *fig 
I* L T, JUfeMBffcflLH L fc^HS^ U 3 y 4 £|§ B B B {fc2 

•vagus' unyi5 ^Mt s „ wm^%m\m 6 

OnnTPifcofco (03) 

3 8 0mj/cm 2 ©X e C 1 x^vl/— 9*4* 

fg H B H ^ 'J3yl5 tcfig^-r § , ¥^*£ B B B ^&^ 6 

o nm<mmtfnmcwmLxw%&mffimG o 

0 n modus' 'J3>I6 jtAfc&tlfco (0 4 ) 

0 5 JC C ©<fc 5 fc LXm^tlfz^tB^y U 3 >jg 6 ©a 

KMo^ffittttftT^^-e* o , *t ^is B B B m^#e»n 

■CVSCfc «®©¥i£»«3 nmXh-o 

«fiHfcB*-e&^ 06&§IJP 5 5 nm©;J<fg{[:2E B B B 

[0 0 2 6] 07^*§^mMff<D^U3^C^-r 

§)I<D¥i^ B B B f£^ 3 @B©x*s/vw ; !f©JH»x 

[00 2 7] ^ S B B B fi©¥^» ^©*£ B B B *£© 
ffittfc^ L V^R©it@^g LTfe D , m{@©IS B B B *utf 
#£-rSffi8©S8S GSSUiS) ©¥^IS B B B ii#l att 

[0 0 2 8] la = 2X((S/m)A)i/2 

#f£fP§T*«\ ¥±£|IS B B B feg^*i6§fSH©®^S 
EM ©if 1^ ISIIfi © * t 2 «WTf t S «f*Tf » 

£&< Z(D£fatfmBl£ntc&m£k%L<DmM(D&mX& 
§„ f-fc, «»©OTtf #*I©©£#tf*f 
»(^Aofc^ B B H ii©®«©^fi-^^fe^-&fc:^ff^ 
liSfc*§„ AFM^STMfOi^tt, ^©ffil© 
SiJSIBHrt KtfefMteT Ao ©3S B B B fu©ffi«©-g- 



[0 0 2 9] ^^ftfi^WR^tasjSWx*;^- 

ti^m)i©JiiPtcfe#L, mmtm< e^s < & 
5 0 *fc, ¥±§lg B B B ^©SA{itMM©MiP:cfe# 

U MJfU 5-3 5 nm-£Sk*t<&D, ^tlcfcDil 

^is B B 4Mfi© f 9 -r if y ?v * & § as^M-e 
(omm^^-mmxcDm^nmmc'mmm^ 

SM/X-K < 5>^*# < & 0 2 jEd D * 

t ^r^rcfcibh^^n^o coigns m^m 
**%<tzrctbicimmm<Dmm£Lxit4 5 nmw 

T, M$L<H3 5 nm~4 5nm^Cfc» 

So 

[0 0 3 0] 08agA¥^ B B B ^^#5.n/c^©^ 
ffilHJflfeJ:^^^^^™^©^]?©^^^^ 
■To 

[0 0 3 1] SffiHCj^^P^Si^ (A FM) (CJ: 

[0 0 3 2] ^8WTftt^lg©3pi^fiSttJf«¥^fi« 
(R a) fcjgift LT$5Ds W^^tS"? 

ftflff ai&a-a, Sffi^ftffita®^©¥^^© 
§0 xmi-wmfffim*. =X7txmmmzft%TX 

t§A F M^SM h ^*;Mt?S«« S T M) m<0% 

vmpuwft? % ft#immx-&5ftmm?mm 
mm^mmm csem) o?giaoTiiTt§„ s 

fc A F S T M©SiJStf-^r 1 0^ST§ C fclf fe rT^ 

tem^se Mm<Dw : ?mwM*fttf(^m£tz>m 

feL<«?im©?IS ? -eS5o Sfc, AFM^STM^ffl 
V^§^«, ^©M^PI^fi$<fc D feftV^«^Sffi© 

n. ws«tife^iBJB«ffiiii*z = f (x, y)fc-rs 

Ratt3JeS©J:5fcjS:So 
[0 0 3 3] Ra = (l/(Lx • L y)) X f 
(x, y) d x d y 

CtTLx: X^lqffliJ^fi, L y : Y^ftMSS 
rcmnj&tt&1&&z = fW)£'?&£. RaUJfeSOJ: 
[0 0 3 4] Ra=(l/Lx)x/Lx n f( x )dx 
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[0 0 3 5] 08©ISH<fcD. ¥W H IM6 0 0nm 
fc^Sfca&fcfctfcJBBliff 2 0 nm^iS LV^d fctf 

#4 5nnu 3£L< fc*4 0 nmJXT£?&Z ttfm%. 

[0 0 3 6] *^WK«fcS^3ieS5/U3>fflS^X 
^liiJ/fST«'r§i:, gfiEKWftHeHiSff (1 1 
1) ®^<@Hr&lLTV^ci:»^Lfco ctili, S 

4 s - w k 9 -re y ^7 * t ft o xm C § 2 

[0 0 3 7] £fz\ COJ^KIKIIffi©^®**-^ 

u raws < ft d u 7ga&a*^-r sam^feSo 

[0 0 3 8] (MM<D&m 2 ) *^0^(D^ 2 <DHSS©B 
IB£H1 0-0 l 9KJ:DBMW*o 
[0 0 3 9] 6 8 OmmX 8 8 0mnf£S&J&6 7 0°C<DM 

i/ijnyl2 0 0^10 OnmlltSo 

[0 0 4 0] ^{CxhvX^I/^l/V^U^-r h (TE 
OS) fc^^T.^il^ilLfc^XvCVDST^t 
5"j3yl2*2 0 0 nmlit5, 

[0 0 4 1] ^/^y^ffs^II^X^ 
5 X^X"? C V <fc D JIJP 4 0 n mOzkfgf^HH 

s/U3^3*isirrso ®i o) s";ny3*«f 

3 0 ^®!RStC c fcDfFfifitfcM*©7k^««7~l 0 
at%t?&ofto 
[0 0 4 2]^, 2 0 0m J /cm 2 OX e C 1 X4^> 

v 4 ^ 3 o i/ a y h mm LX, ±iEzkstMb#il« 

H^fSBte 1 ~ 3 at % o fco 
[0 0 4 3] *r3 0 0mj/ci 2 OX e C 1 x4^>*? 
If 4 fcJSS* L T, to^^S L f V 3 y 

3 fcnejubs-e^asiis' unyis *j&a-r s„ c © t 

t ¥^I§ b b bTO^ 6 0 n m ft o fc a 
[0 0 4 4] 3 8 0m J /cm 2 OXeClx^> 

VU-f4 fc^Jg ir> U 3 y§| 5 Kfmt 5 > SHIft 

^ 3 n m©^^ U 3 yjg 6 §o (011) 

Jifcl©* h U V X^ 7 ^ £ D mU^^y u 
[0 0 4 5] r h^x^;l/^-;l/V->U^-r h (T 

eos) fcWR^*sftfcLfer^xvcvDa-ey 

-hmmm 0«fr>Ua>Ii:L5 0nmtlt 
§ 0 ffMB#©*f£?S6tt 3 6 0 °C, T E 0 S 1 0 2 ©# 
Xil^JtJi 1 : 1 0 0 h|&£§£ 20tUr 

llt^'jnyim (012) 



f-MgfcUNbl2 5 0 nm^7^'J 

y^sc «fc o Km u jb»i©* h u v x^ 7 -< mc <k o 
itfcnt Httts nfeMBWWT? * § x- h us 

1 OWSo (013) 

£*Di£*EE 4 5 k e V , F-X11E13 cnr 2 ^ 5 ^ & 

*n - a 3 1 1 *jg/a*r«„ (014) * h u v 

U y^tmW±A 0 k e V, K-XM 1 E 1 5cm" 2 
■pfT5i&*n + S3 1 £ffMT3 0 (0 1 5) 

huIH©* h ui/x h^$-y*m£&, * h V V X^7 

^iP^x^;^-3 0 k e V, K-X*3 E 1 5 or 2 -?? 
SEAU p + S3 Z*&m?%o (016) 

mmmwmtLx ; rhy^it;iviyv^^ v (te 

OS) i:M8^*B«kLfcy9XvcVDST?Jiiai 
Ife^M 2 1 t LXrmti^ U 3 5 0 0 n miSffl L 

4 5 o°ct- i ^HiK^LaA-r^-y^jsitfb-rSo 

(01 7) 

LTAl%4 5 0nm, C r % 5 0 nm^^ U 

y^LTy-xmni 1. kw^wbi 2*»5 0 

(01 8) 

h (TEOS) i:^^X^li^i:Lfc7^XvcVD 
ST^S^M 2 2 t LxrMitiy V 3 yit£ 2 0 0 n 

L 7v Xv C V D mK J; D 2 3 t L xm.it 

y U 3 5 0 0 n miiSBrr £ 0 
[0 0 4 6] ^tc % g«%*3(l*5V^ig^»H^ff»4 

o o xx i ^r^^®si-§ c t x d , ummmrn 2 3 
c 0 0 4 7 3 g&K, jaao* h u y ^ 7 ^ js »c <k d 

«Sf6JlJlfc 3 > ^ * h x;l/-*-;i/*ISn I 
TOiWy^'J^KiD 1 40nmJd«U M 

^n©* b u y^77'fSt<t D inx L®^s»ffi 1 3 

$m&S/V 3>T F T»ft7i'f-f7 > 7 h U 
**»K*#3o (019) 

*^©^HT«, Sffi©¥i£llfl^^3 nmi:¥±Sft^ 
'J 3 yl 6 Sffl^T T F T 7^r^ 7v f 'J 7 ^ 

x*mi&LK(Dx\ rnimz&rF-z&z zt&< ^is^ 

V V 3 >JS 6 ±©^r- h *6»Si©JiJ?* 5 0nmStf 

[0 0 4 8] 02 0tt2MISfi©^li©SEiSffiK:«J:0ff 
ILfeT F T ©y- h - V-XH U 
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©TFT fcJt«Lfct>©T?*5o 
[0 0 4 9]?- hWm& 5 0 n mOtE*©*?"^ 

vagus' d 3 >iga®©si§eaj^©«j?*^fc «t 0 

1^2MV /<^T©ffiW#«W"e*:t * U ~ * 
^ U fr^*6*W8S«#t> 4 M V/aUJTFfcffi < MIbIE 
llfflT F T LTHMfcBfcftV^ *HS£©JBSI© 
«JEDErffifc«J: DfESiLfcT F T T«3!E©¥?f tt©fe* 
£<£*#?$!#•?© U - ^SSfEti-HHS < jiij* Snrfe 
D > 3b^«fejg8R«S|? t> 7 M V /cm t ffi < , iHfill© T 

[0 0 5 0] 3; ft, ^*g^ta[^6 0 OnmWi 
mm'^^^m^V ny^m^tcfc^ NMO S © 

nmhmmi&t U301 cm2 /v s tm& tft 

FT«f5Ctmft. C © <fc 5 TFTI±, 
l«p a p{u©^gg©lg|fi[iISS^^g snsfif14&ifflf& 

coo5i] (nss©mi 3)021 te*mmm\<o$k 

2 2 im 2 1 tfi A -A' ^£n§iS«Oofcifrffi0T 
[0 0 5 2] *^©J^«l^fcV^Ttt, T F T*ffij&t 

s^aw^^-ea < , tft fcgs&sftfcsrapc s 
t ©-^©«®^^©^ig B B H^u ^y?M]£Lrc& 

[0053] e ©£ 7 a§«^?«rfc B H S©S«©*£E 

tt^tt-^ TFT ©?- h - V-^K©«F4§MtceH 

mm^xmrnmr^mn^mmm^ < & d > mi 

[0 0 5 4] Sfc, *#fcffi«£IR5&S&T«:5'3- 

^*©^bh^U nyjgfcgaWii: hxm^hmm 

5a&< ^»gp©^^M^« < f § c t jtrarai 
fe©T\ mmm&K d ©§«^*t < -r « c t # 

^<Dmm^±t <t%c ttfxtrc(Dxmm®m^ 



[0 0 5 5] (HSE©JMI 4 ) 0 2 3 tt % MI5aSg»JlHlES 

jttlbfe^K«^»©MliI»«^t-o Yl~Yend 
©^SM^if 1 0t XI R~XendBfr5&5WflMf 
W7?fc § F W >»ffi 1 2 $3 J: *>\ ens ©£Mj£tff 

sot, cn^ffiid-rsMifi^siHiK 5 1 . i 

©i£7^W§£M£©:/n y *K#fflLTB###JWfc:# 
§ feJ6©#7ic^5it|slK 5 3 , If ftim D ata £ 
Sx-^flt^BVdr 1 , Vdgl, Vdbl, If 
-r *fl %*ftm7 n v^KTi'f-f 7*v h u y * X#J 

[0056] lt, *m}<Dmk?&zms 

&tf 5 nmJKTfcWC, Wmmm&G 0 0 nm« 
±©*fft&©£*SilS"; 3>M^fflV^cfci6, NMO S 
Tf 3 0 0 cm/ V s W±©ift£!&fi© TFT^fSCW 

©iSMlb^l^&ofco c©ci:tJ;D, tr-rtfM* 
*WR©ra >y ^fcSMfl-rsW^SMHftfc^ft < T?£ 
£©T\ ^§P^S©€^g^^ / >a<T^, ny;^ 

[0057] mm®&(D{ihmkK£K>, nm^ 
xi o>t y?T*mmj£mmi2oo*7k¥m i %mm 1 6 o 

0 x 3*fcl6i»ilffl©WftlilKF«gj^!»taa^B^^ 
[0 0 5 8] (^S©^«| 5)024 S« 

WWcrF&fOfi^TMtii l ±^f*. ^- h«H l 0 i:B^ 

mmwmx%>% k w y»5 1 2 h u >y 

EJ&tfSn, ^©SMfi:M$tlfcTFT^LT 

1 T Ocfc 0 1 3 §„ ISsaiB 5 0 6 
S*A/Tf»lRF"r*»|nI^9X»R5 0 8±Kt± I TO J: 
D^?.M[nI«®5 1 0, M*7-7^;^-5 0 7, 
*7-7^W-«H5l l, 5B)tffl^y^vhU 
>y^7X/^-y^jTMT§ji^5 1 2mMsnx^ 
§o 5 0 5 «^n€n-M©7J^X»S 1,50 
8©^J©OTc7M$nT^£o fe B H ii 5 0 6 ttfe B H 
^©I&I#^^-r§TgP@BfRlMOR I 1 t, ±g|5|H|S] 
IOR I 2<DMfcMXZti, is-ilttS L (H^r-f) 
Jc«J:oT^-;l/$nT^So TSffiftitOR I Hi, ^ 

7xis i moummmm 2 3 ©±^K^5n« 0 ft 

|pJ^vX»^5 0 8©F«3fJJ©«rtt, 3l)tffli5 1 2, 
tj^-7^;1/^-5 0 7, 7j^-7^;^-«SM5 1 

1. ^iRi«ffi5 1 ofc<fctf±gffiin]§ioR 1 2&m<m 
stT^tsnrv^o c©?fe B B ^s«tt7j^xss 
miJfcMr&i^xa«5 0 8ffi©»*9I^KJBj«L, ^ 

©f£±~F7J^XSS 1 , 5 0 8 ^Sfa^t)^ 

SI5 0 6^At5«:i:icj;oTiS46n5. 

7^hB L^s©7t©sM^®^ss 1 3t$fixmm? 

§ci:fcJ:DTF T|ggj§y©^^-?fe B B ^Sfi^^ 
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$n§ 0 mmmmi 3ttmm~?%T f T&zvcnzm 
mtzmmmvT f t t lx, &±Km*rc*mi<D 
zmttmttm^z zt\L&K>, mmm, m&\m t f 

[0 0 5 9] 
[0ffi©f!pi£«] 

[0 1 ] #fpj!©sg 1 <Dmn&(mm*m'Vffim-& 

im 2 ] *mmm 1 ©^©m^^-f $rffi0T& 
§ 0 

[03] *mw<Dm 1 ©njfiojgjB*^-r»f®0-efe 
§0 

§„ 

[0 5 ] *^0*fflOJglifc:*^SfflSJ* 4 0 n m©^ 

[06] *^0fiHft0H95 5nmO^>U3 

[07] «OTOS*SS/'j3>l«fcfelt«gS«W'»fx 
[0 8 ] ^!£Hr> U 3 y^O|g B B H |!ig©S^{i*5i:tf¥ 
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